INTRODUCTION AND OBJECTIVES: Burst wave lithotripsy (BWL) is a preclinical technology that uses focused ultrasound bursts to fragment stones. Unlike shock wave lithotripsy, stones fracture into specific fragment sizes which are controlled by the ultrasound frequency. To understand and better optimize characteristics of BWL, we aim to determine the mechanisms of stone fracture with focused ultrasound. This study used photoelasticity imaging to visualize burst wave propagation in stone models and identify particular elastic wave modes causing stresses in stones.
INTRODUCTION AND OBJECTIVES: Burst wave lithotripsy (BWL) is a preclinical technology that uses focused ultrasound bursts to fragment stones. Unlike shock wave lithotripsy, stones fracture into specific fragment sizes which are controlled by the ultrasound frequency. To understand and better optimize characteristics of BWL, we aim to determine the mechanisms of stone fracture with focused ultrasound. This study used photoelasticity imaging to visualize burst wave propagation in stone models and identify particular elastic wave modes causing stresses in stones.
METHODS: Three focused ultrasound transducers with frequencies of 170, 340, and 800 kHz were used to apply BWL pulses to kidney stone models in a water bath. The models were rectangular, cylindrical, or irregular in shape, made from epoxy or glass (transparent materials displaying stress birefringence) and ranged from 6-26 mm in dimension. Each stone model was positioned in a chamber of index matching fluid submerged in the water bath. An LED light was used to generate circularly-polarized light pulses for back-illumination of the stone. A high-speed camera was used with a stroboscopic method to capture video sequences of ultrasound propagation through each stone model with effective frame rates up to 4 million frames per second. Elastic wave modes in the stone were analyzed and compared with numerical calculations of wave modes. These data were also compared to locations of fractures in experiments where artificial stones were exposed to BWL in vitro.
RESULTS: Formation of longitudinal and shear waves in the model was visualized. Results showed development of periodic stresses in the stone that appear as bright regions on the image with the spacing dependent on frequency (Figure) . These patterns were identified as guided wave modes, which form standing waves upon reflection from the distal surfaces of the stone model, causing a uniform 'grid' of oscillating stress points. Observed wave patterns correlated with specific numerically calculated modes dependent on frequency and material. Artificial stones exposed to BWL produced cracks at positions calculated by this mechanism.
CONCLUSIONS: These results support guided wave production and reflection as a mechanism of stone fracture in BWL. This mechanism can describe the features of crack spacing and its frequency dependence observed in experiments.
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PD26-08 PRECLINICAL EVALUATION OF BURST WAVE LITHOTRIPSY STONE FRAGMENTATION AND ACUTE SAFETY IN A PORCINE MODEL OF NEPHROLITHIASIS
Adam Maxwell*, Yak-Nam Wang, Wayne Kreider, Bryan Cunitz, Frank Starr, Donghoon Lee, Yasser Nazari, Seattle, WA; James Williams, Indianapolis, IN; Michael Bailey, Mathew Sorensen, Seattle, WA INTRODUCTION AND OBJECTIVES: Burst wave lithotripsy (BWL) is a preclinical method developed to noninvasively fragment kidney stones with low-amplitude focused bursts of ultrasound. In this study, we assessed the effectiveness of stone fragmentation with specific ultrasound parameters and the acute bioeffects of the same exposures to the kidney in a clinical simulation of BWL.
METHODS: A 6-7 mm natural human kidney stone composed of calcium oxalate monohydrate was implanted surgically in each kidney of three pigs weighing 70-80 kg each. A 350-kHz burst wave lithotripsy focused ultrasound transducer was coupled to the animal by a water bath placed on the flank. Real-time image guidance was performed by an inline ultrasound imaging probe used to identify and target the stone, as well as monitor for echogenicity indicative of cavitation that may produce injury. Each stone was exposed for 30 minutes to BWL bursts with amplitude of 7 MPa focal pressure at a pulse rate of 10 Hz and a burst duration of 20 cycles. If any echogenicity was observed via imaging during treatment, the applied focal pressure was reduced to 6.5 MPa and exposure was continued for the remainder of the 30 minutes. After treatment, the kidneys were extracted for gross and histologic assessment, as well as MRI analysis. The stone fragments were retrieved and the remaining mass of fragments >2 mm after treatment were compared to the initial mass to determine the fragmentation effectiveness.
RESULTS: In 3 of 5 cases stones were reduced completely to fragments <2 mm. On average, 82% AE 22% of the stone mass was reduced to fragments <2 mm with all treatments resulting in !58% of mass fragmented. One stone was not treated because no suitable acoustic window could be found. Hyperechoic areas were briefly detected in kidney in two treatments, but were not observed after reducing the pressure amplitude to 6.5 MPa. No detectable injury was Vol. 201, No. 4S, Supplement, Saturday, May 4, 2019 THE JOURNAL OF UROLOGY Ò e477
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